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(57) ABSTRACT

Embodiments described herein relate to control apparatuses
for hybrid vehicles which permit starting the engine and a
shift-down action of the transmission while assuring not only
a reduction of the heat generated by a clutch, but also an
improvement in the response of the vehicle to an operator’s
desire for high drivability. In one embodiment, the control
apparatus controls the hybrid vehicle such that when the
transmission is required to be shifted down while the hybrid
vehicle is switched from a motor drive mode to an engine
drive mode, a time of initiation of the shift-down action of the
transmission is delayed by a longer length of time when a
temperature of the clutch upon initiation of an engine starting
control to start the engine is relatively high than when the
temperature is relatively low. Various other embodiments of
control apparatuses for hybrid vehicles are also described.

5 Claims, 8 Drawing Sheets
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1
CONTROL APPARATUS FOR HYBRID
VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present specification claims priority to U.S. Provi-
sional Patent Application Ser. No. 61/761,095 filed Feb. 5,
2013 and entitled “CONTROL DEVICE FOR HYBRID
VEHICLE,” the entirety of which is incorporated by refer-
ence herein.

TECHNICAL FIELD

The present specification relates to control apparatuses for
hybrid vehicles, and more particularly to controls for switch-
ing a drive mode of the hybrid vehicle from a motor drive
mode to an engine drive mode.

BACKGROUND

Hybrid vehicles may include an engine, an electric motor,
a clutch for placing a power transmitting path between the
engine and the electric motor in a power transmitting state and
a power cutoff state, and a transmission disposed in a power
transmitting path between the electric motor and drive
wheels. Patent Document 1 discloses an example of such a
hybrid vehicle. When this hybrid vehicle is placed in a motor
drive mode in which the electric motor is operated as the
vehicle drive power source, the clutch is placed in a released
state to prevent a dragging state of the engine. When the
hybrid vehicle is placed in an engine drive mode in which the
engine is the main vehicle drive power source, on the other
hand, the clutch is placed in an engaged state to transmit a
drive force of the engine to the drive wheels. Patent Document
1 also describes that the vehicle drive mode is switched from
the motor drive mode to the engine drive mode, by placing the
clutch in a slipping state to increase a speed of the engine with
a torque of the electric motor, to a value at which the engine
can be operated by itself, for thereby starting the engine.
Patent Document 1 further describes that when the transmis-
sion is instructed to be shifted down as a result of an operation
of'an accelerator pedal during start of the engine, that is, when
a so-called “power-on shift-down action” of the transmission
is required, the transmission is shifted down after the engine
is started. This manner of control reduces a slipping speed of
the clutch during an increase in the engine speed, and accord-
ingly reduces the generation of heat by the slipping clutch,
making it possible to reduce deterioration of the clutch due to
the generated heat.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1: JP-2007-69789 A

SUMMARY

The hybrid vehicle disclosed in Patent Document 1 is con-
figured to shift down the transmission only after the comple-
tion of a start of the engine when the power-on shift-down
action is required during the start of the engine. In some
instances, an operator of the hybrid vehicle may desire rapid
acceleration of the hybrid vehicle, namely, a high degree of
responsiveness to the vehicle operator’s desire for high driv-
ability of the hybrid vehicle. However, the shift-down action
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performed only after starting the engine means a delay of the
shift-down action, and a low degree of responsiveness to the
vehicle operator’s requirement for the power-on shift-down
action for high drivability of the hybrid vehicle. While this
problem can be solved by performing the shift-down action
concurrently with the starting of the vehicle, this solution
gives rise to another problem of an increase of the amount of
heat generated by the clutch. Thus, the conventional hybrid
vehicle configured to reduce the amount of heat generated by
the clutch does not improve the responsiveness of the hybrid
vehicle to the vehicle operator’s desire for high drivability of
the hybrid vehicle.

The embodiments of control apparatuses and systems
described herein were made in view of the background
described above, and provide a control apparatus for a hybrid
vehicle which includes an engine, an electric motor, a clutch
for placing a power transmitting path between the engine and
the electric motor in a power transmitting state and a power
cutoff state, and a transmission disposed in a power transmit-
ting path between the electric motor and drive wheels, and
which permits starting of the engine and a shift-down action
of'the transmission, while assuring not only a reduction of an
amount of heat generated by the clutch, but also an improve-
ment of the responsiveness of the hybrid vehicle to a vehicle
operator’s desire for high drivability of the vehicle.

A first aspect of the present specification provides a control
apparatus for (a) a hybrid vehicle provided with an engine, an
electric motor, a clutch for placing a power transmitting path
between the engine and the electric motor in a power trans-
mitting state and a power cutoff state, and a transmission
disposed in a power transmitting path between the electric
motor and drive wheels, (b) the hybrid vehicle being switch-
able between a motor drive mode in which the hybrid vehicle
is driven with the electric motor being used as the vehicle
drive power source while the clutch is placed in a released
state, and an engine drive mode in which the hybrid vehicle is
driven with the engine as the main vehicle drive power source
while the clutch is placed in an engaged state, (¢) an operating
speed of the engine being increased by the electric motor in a
slipping state of the clutch when the hybrid vehicle is
switched from the motor drive mode to the engine drive mode,
and (d) the control apparatus being characterized by control-
ling the hybrid vehicle such that when the transmission is
required to be shifted down while the hybrid vehicle is
required to be switched from the motor drive mode to the
engine drive mode, a time of initiation of a shift-down action
of'the transmission is delayed by a longer length of time when
a temperature of the clutch upon initiation of an engine start-
ing control to start the engine is relatively high than when the
temperature is relatively low.

The control apparatus according to the first aspect is con-
figured such that when the hybrid vehicle is required to be
switched from the motor drive mode to the engine drive mode
while the transmission is required to be shifted down, the
length of time by which the initiation of the shift-down action
of the transmission is delayed increases with an increase of
the temperature of the clutch upon initiation of the engine
starting control. Accordingly, when the engine speed is rela-
tively low, it is possible to complete the engine starting con-
trol with the clutch placed in the fully engaged state, so that
the amount of slipping of the clutch during the engine starting
control is reduced, whereby the deterioration of the clutch due
to the generated heat can be prevented. Further, the shift-
down action is initiated with a relatively short delay time
when the clutch temperature upon initiation of the engine
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starting control is relatively low, so that the response of the
hybrid vehicle to the operator’s desire for high vehicle driv-
ability is improved.

A second aspect of the present specification provides a
control apparatus for (a) a hybrid vehicle provided with an
engine, an electric motor, a clutch for placing a power trans-
mitting path between the engine and the electric motor in a
power transmitting state and a power cutoff state, and a trans-
mission disposed in a power transmitting path between the
electric motor and drive wheels, (b) the hybrid vehicle being
switchable between a motor drive mode in which the hybrid
vehicle is driven with the electric motor being used as the
vehicle drive power source while the clutch is placed in a
released state, and an engine drive mode in which the hybrid
vehicle is driven with the engine being used as the main
vehicle drive power source while the clutch is placed in an
engaged state, (c) an operating speed of the engine being
increased by the electric motor in a slipping state of the clutch
when the hybrid vehicle is switched from the motor drive
mode to the engine drive mode, and (d) the control apparatus
being characterized by controlling the hybrid vehicle such
that when the transmission is required to be shifted down
while the hybrid vehicle is required to be switched from the
motor drive mode to the engine drive mode, an engaging
torque of the clutch is relatively large when a temperature of
the clutch upon initiation of an engine starting control to start
the engine is relatively high than when the temperature is
relatively low. According to this second aspect, the engaging
torque of the clutch increases with an increase of the tempera-
ture of the clutch upon initiation of the engine starting control,
so that the rate of rise of the engine speed increases with the
increase of the clutch temperature. Accordingly, it is possible
to complete the engine starting control with the clutch placed
in the engaged state, when the engine speed is relatively low,
so that the amount of slipping of the clutch during the engine
starting control is reduced, whereby the deterioration of the
clutch due to the generated heat is prevented. Further, the
engaging torque of the clutch is relatively small when the
clutch temperature is relatively low, so that an engaging shock
of'the clutch during the engine starting control is reduced, and
the response of the hybrid vehicle to the operator’s desire for
high vehicle drivability is improved.

A third aspect of the present specification provides a con-
trol apparatus for (a) a hybrid vehicle provided with an
engine, an electric motor, a clutch for placing a power trans-
mitting path between the engine and the electric motor in a
power transmitting state and a power cutoff state, and a trans-
mission disposed in a power transmitting path between the
electric motor and drive wheels, (b) the hybrid vehicle being
switchable between a motor drive mode in which the hybrid
vehicle is driven with the electric motor being used as the
vehicle drive power source while the clutch is placed in a
released state, and an engine drive mode in which the hybrid
vehicle is driven with the engine being used as the main
vehicle drive power source while the clutch is placed in an
engaged state, (c) an operating speed of the engine being
increased by the electric motor in a slipping state of the clutch
when the hybrid vehicle is switched from the motor drive
mode to the engine drive mode, (d) the control apparatus
controlling the hybrid vehicle in a selected one of a first
control mode in which an engine starting control to start the
engine upon switching of the hybrid vehicle from the motor
drive mode to the engine drive mode is implemented concur-
rently with a shift-down control to shift down the transmis-
sion, and a second control mode in which the shift-down
controlis implemented after completion of the engine starting
control, and (e) the control apparatus being more likely to
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select the second control mode rather than the first control
mode, to switch the hybrid vehicle from the motor drive mode
to the engine drive mode, when a temperature of the clutch
upon initiation of the engine starting control is relatively high
than when the temperature is relatively low. According to this
third aspect of the present specification, the second control
mode in which the amount of heat generated by the slipping
action of the clutch is reduced is more likely to be selected
when the temperature of the clutch is relatively high, so that
the deterioration of the clutch due to the generated heat is
prevented. When the clutch temperature is relatively low, on
the other hand, the first control mode is more likely to be
selected, so that the response of the vehicle to the operator’s
desire for high drivability of the vehicle is improved. In the
first control mode, the amount of heat generated by the clutch
is relatively large, but the clutch temperature which is rela-
tively low will not exceed its permissible highest temperature.
Thus, the control mode is switched between the first control
mode and the second control mode according to the clutch
temperature, permitting not only the prevention of deteriora-
tion of the clutch due to the generated heat, but also the
improvement of the vehicle response to the operator’s desire
for high vehicle drivability.

According to one embodiment, the control apparatus is
more likely to select the second control mode than the first
control mode when an input speed of the transmission to be
established upon completion of the shift-down action is rela-
tively high. The amount of heat generated by the slipping
action of the clutch during the start of the engine increases
with an increase of the input speed of the transmission to be
established upon completion of the shift-down action.
Accordingly, the amount of heat generated by the clutch is
further effectively reduced by selecting the second control
mode when the input speed is relatively high, so that the
deterioration of the clutch due to the generated heat is pre-
vented.

According to another embodiment, the second control
mode is selected when the input speed of the transmission to
be established upon completion of the shift-down action is
equal to or greater than a predetermined threshold value, and
the first control mode is selected when the input speed is less
than the predetermined threshold value. In this embodiment,
one of the first control mode and the second control mode is
selected according to the calculated input speed to be estab-
lished upon completion of the shift-down action. The second
control mode is more likely to be selected when the input
speed is relatively high, since the input speed is likely to
exceed the threshold value.

According to a further embodiment, the predetermined
threshold value is set so as to decrease with an increase of the
temperature of the clutch upon initiation of the engine starting
control. Accordingly, the second control mode is more likely
to be selected when the clutch temperature is relatively high,
since the threshold value decreases with the increase of the
clutch temperature.

According to a still further embodiment, a temperature of
the clutch is calculated on the basis of a temperature of a
working oil. Accordingly, the temperature of the clutch can be
detected without the provision of a sensor for detecting the
clutch temperature.

According to a yet further embodiment, the transmission is
a step-variable automatic transmission. The step-variable
transmission is required to be shifted down while the engine
is started, when an accelerator pedal is depressed in the motor
drive mode, and one of the first control mode and the second
control mode is suitably selected, so as to permit not only the
prevention of deterioration of the clutch due to the generated
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heat but also the improvement of the response of the hybrid
vehicle to the operator’s desire for high vehicle drivability.

In the first control mode, the engine starting control and the
shift-down control of the transmission are concurrently
implemented, so that the response of the vehicle to the opera-
tor’s desire for high vehicle drivability is improved. However,
a target value to which the engine speed is increased by the
slipping action of the clutch during the engine starting control
is the input speed of the transmission upon completion of the
shift-down action, so that an amount of change of the engine
speed is relatively large, resulting in a relatively large amount
of heat generated by the clutch.

In the second control mode, the shift-down action of the
transmission is initiated after completion of the engine start-
ing control, namely, the shift-down action is delayed, so that
the response of the vehicle to the operator’s desire for high
vehicle drivability is reduced. However, the target value to
which the engine speed is increased by the slipping action of
the clutch during the engine starting control is the input speed
of'the transmission prior to initiation of the shift-down action,
so that an amount of change of the engine speed is relatively
small, whereby the amount of generation of heat by the clutch
is reduced.

According to a still further embodiment, the temperature of
the clutch is calculated on the basis of a temperature of a
working oil for operating the transmission. In this embodi-
ment, the provision of a sensor for detecting the clutch tem-
perature is not necessary, and fewer parts are required for
controlling the vehicle.

According to a yet further embodiment, the vehicle is
driven in the engine drive mode with an assisting drive force
generated by the electric motor, in addition to a drive force of
the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing an arrangement of a
power transmitting path from an engine and an electric motor
to drive wheels of a hybrid vehicle to which the control
apparatuses and systems described herein are suitably appli-
cable, and major portions of a control system provided on the
hybrid vehicle for implementing an output control of the
engine functioning as the vehicle drive power source, a shift-
ing control of the automatic transmission, a driving control of
the electric motor, etc.;

FIG. 2 is a functional block diagram of an electronic con-
trol device shown in FIG. 1;

FIG. 3 graphically depicts control operations in a first
control mode and a second control mode for implementing an
engine starting control and a shift-down control to shift down
the automatic transmission from a third-gear position to a
second-gear position;

FIG. 4 graphically depicts a relationship between an oper-
ating speed of the electric motor to be established upon
completion of the shift-down action of the automatic trans-
mission, and a temperature of an engine connecting/discon-
necting clutch, where the electric motor speed is used as a
target value in the engine starting control;

FIG. 5 graphically depicts changes of the clutch tempera-
ture from a plurality of initial values upon initiation of the
engine starting control, during the engine starting control by
a slipping action of the engine connecting/disconnecting
clutch;

FIG. 6 is a map representing a relationship between the
clutch temperature and a threshold input shaft speed of the
automatic transmission;
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FIG. 7 is a flow chart of a major control operation of the
electronic control device according to an embodiment
described herein and, more specifically, a flow chart of a
control operation to implement the engine starting control
and the shift-down control of the automatic transmission;

FIG. 8 is a table indicating the increase in the clutch tem-
perature corresponding to respective different combinations
of the shift-down action of the automatic transmission and
vehicle running speed;

FIG. 9 is a flow chart of a major control operation of an
electronic control device according to another embodiment
described herein and, more specifically, flow chart of a con-
trol operation to implement the engine starting control and the
shift-down control of the automatic transmission;

FIG. 10 is a functional block diagram of an electronic
control device according to a further embodiment described
herein;

FIG. 11 is a map representing a relationship between the
clutch temperature upon initiation of the engine starting con-
trol, and a delay time from a time at which a requirement for
the shift-down action of the automatic transmission is deter-
mined to a time at which the shift-down action is actually
initiated; and

FIG. 12 is a map representing a relationship between the
clutch temperature upon initiation of the engine starting con-
trol, and an engaging torque of the clutch.

DETAILED DESCRIPTION

Embodiments of the control apparatuses and systems will
be described in detail by reference to the drawings. In the
embodiments described below, the drawings are simplified or
otherwise modified to assist in describing various embodi-
ments, and may not necessarily accurately represent the
dimensions and shapes of various elements of the embodi-
ments.

First Embodiment

FIG. 1 schematically depicts an arrangement of a power
transmitting path from an engine 14 and an electric motor MG
to the drive wheels 34 of a hybrid vehicle 10 (hereinafter
referred to as “vehicle 10”) to which the embodiments
described herein are suitably applicable. FIG. 1 also depicts
major portions of a control system provided on the vehicle 10
for implementing an output control of the engine 14 function-
ing as the vehicle drive power source, a shifting control of an
automatic transmission 18, a driving control of the electric
motor MG, etc.

As shown in FIG. 1, a vehicular power transmitting system
12 (hereinafter referred to as “power transmitting system 12”)
is provided with an engine connecting/disconnecting clutch
KO0, the electric motor MG, a torque converter 16, an oil pump
22, and the automatic transmission 18, which are disposed
within a transmission casing 20 as a non-rotatable member
(hereinafter referred to as “casing 20”), in the order of
description from the side of the engine 14. The casing 20 is
bolted or otherwise attached to a body of the vehicle. The
power transmitting system 12 is provided with: a propeller
shaft 26 connected to an output shaft 24 which is an output
rotary member of the automatic transmission 18; a differen-
tial gear device 28 connected to the propeller shaft 26; and a
pair of axles 30 connected to the differential gear device 28.
The power transmitting system 12 constructed as described
above is suitably used for an FR-type vehicle (Front-engine
Rear drive). In the power transmitting system 12, a drive force
of the engine 14 is transmitted from an engine connecting
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shaft 32 connecting the engine 14 and the engine connecting/
disconnecting clutch K0 to each other, to a pair of drive
wheels 34 through the engine connecting/disconnecting
clutch K0, torque converter 16, automatic transmission 18,
propeller shaft 26, differential gear device 28 and pair of axles
30, in this order of description, when the engine connecting/
disconnecting clutch K0 is placed in its engaged state.

The torque converter 16 is a fluid-operated power transmit-
ting device constructed to transmit a drive force received by a
pump impeller 164, to the automatic transmission 18 through
a fluid. The pump impeller 16a is connected to the engine 14
through the engine connecting/disconnecting clutch K0 and
the engine connecting shaft 32 in this order of description,
and is an input rotary element which receives the drive force
from the engine 14 and is rotatable about its axis. The torque
converter 16 has a turbine impeller 165 as its output rotary
element, which is splined or otherwise connected to a trans-
mission input shaft 36 such that the turbine impeller 165 is not
rotatable relative to the transmission input shaft 36, which is
an input member of the automatic transmission 18. The
torque converter 16 is provided with a lock-up clutch 38,
which is a clutch disposed between the pump impeller 16a
and the turbine impeller 165, for directly connecting these
impellers 16a, 165 to each other. The lock-up clutch 38 is
hydraulically controlled, for example, and may be placed in
one of an engaged state, a slipping state and a released state.

The electric motor MG is a so-called “motor/generator”
which functions as a motor operable to convert electric energy
into a mechanical drive force, and as an electric generator
operable to convert mechanical energy into electric energy. In
other words, the electric motor MG can function as a vehicle
drive power source which generates a vehicle drive force, in
place of, or in addition to the engine 14 which may also
provide a vehicle drive power source. The electric motor MG
is driven with the drive force generated by the engine 14, or
with a force (mechanical energy) received from the drive
wheels 34, to perform a regenerative operation for generating
electric energy which is stored in an electric energy storage
device in the form of a battery 46, through an inverter 40 and
a booster converter (not shown). The electric motor MG is
operatively connected to the pump impeller 16a such that a
drive force is transmitted between the electric motor MG and
the pump impeller 16a. Thus, like the engine 14, the electric
motor MG is operatively connected to the transmission input
shaft 36. The electric motor MG is connected to the battery 46
through the inverter 40 and the booster converter (not shown)
so that the electric motor MG supplies and receives electric
energy to and from the battery 46. When the electric motor
MG is used as the vehicle drive power source, the engine
connecting/disconnecting clutch K0 is placed in the released
state, and the drive force of the electric motor MG is trans-
mitted to the pair of drive wheels 34 through the torque
converter 16, automatic transmission 18, propeller shaft 26,
differential gear device 28 and pair of axles 30, in this order of
description.

The oil pump 22 is a mechanically operated oil pump
connected to the pump impeller 164 and driven by the engine
14 (or the electric motor MG), to deliver a pressurized oil for
shifting the automatic transmission 18, for controlling a
torque capacity of the lock-up clutch 38, for placing the
engine connecting/disconnecting clutch K0 in its engaged or
released state, and for lubricating various portions of the
power transmitting paths of the vehicle 10. The power trans-
mitting system 12 is also provided with an electrically oper-
ated oil pump 52 operated by an electric motor (not shown), as
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an auxiliary oil pump, to generate hydraulic pressure while
the oil pump 22 is at rest, for instance, while the vehicle is
stationary.

The engine connecting/disconnecting clutch K0 is a
hydraulically operated frictional coupling device of a wet
multiple-disc type having a plurality of friction plates which
are superposed on each other and forced against each other by
a hydraulic actuator, for example. The engine connecting/
disconnecting clutch K0 is selectively placed in the engaged
and released states with the hydraulic pressure generated by
the oil pump 22 or the electrically operated oil pump 52,
under the control of a hydraulic control unit 50 provided in the
power transmitting system 12. When the engine connecting/
disconnecting clutch K0 is brought into the engaged or
released state, a torque capacity of the clutch KO0, that is, an
engaging force of the clutch K0 is continuously changed with
hydraulic pressure regulation by linear solenoid valves incor-
porated within the hydraulic control unit 50, for example. The
engine connecting/disconnecting clutch K0 has a pair of
rotary members (a clutch hub and a clutch drum) which are
rotatable relative to each other when the clutch K0 is placed in
the released state. One of these rotary members, namely, the
clutch hub, is connected to the engine connecting shaft 32
such that the clutch hub is rotated with the engine connecting
shaft 32, while the other of the rotary members, namely, the
clutch drum, is connected to the pump impeller 16a of the
torque converter 16 such that the clutch drum is rotated with
the pump impeller 16a. When the thus constructed engine
connecting/disconnecting clutch K0 is placed in the engaged
state, the pump impeller 16q is rotated with the engine 14 via
the engine connecting shaft 32. That is, the drive force of the
engine 14 is transmitted to the pump impeller 164 in the
engaged state of the engine connecting/disconnecting clutch
K0. When the engine connecting/disconnecting clutch K0 is
placed in the released state, on the other hand, the pump
impeller 16a is disconnected from the engine 14. Since the
electric motor MG is operatively connected to the pump
impeller 164 as described above, the engine connecting/dis-
connecting clutch K0 also functions as a clutch for placing a
power transmitting path between the engine 14 and the elec-
tric motor MG, in a power transmitting state and a power
cutoff state. In the present embodiment, the engine connect-
ing/disconnecting clutch K0 is a so-called “normally open
type” clutch in which the torque capacity (engaging force) of
the clutch increases with an increase of the hydraulic pres-
sure, and which is brought into its released state when the
hydraulic pressure is not applied thereto.

The automatic transmission 18 is operatively connected to
the electric motor MG, without the engine connecting/dis-
connecting clutch K0 being interposed therebetween, and
constitutes a part of a power transmitting path between the
engine 14 and the drive wheels 34, and a part of a power
transmitting path between the electric motor MG and the
drive wheels 34, so that the automatic transmission 18 func-
tions to transmit the drive forces of the vehicle drive power
sources (i.e., the engine 14 and the electric motor MG) to the
drive wheels 34. The automatic transmission 18 is a planetary
gear type multiple-step transmission functioning as a step-
variable automatic transmission having a plurality of shift
positions (gear positions) which are selectively established by
engaging and releasing actions of respective combinations of
hydraulically operated frictional coupling devices such as
clutches and brakes. That is, the automatic transmission 18 is
a conventional step-variable transmission which is config-
ured to perform so-called “clutch-to-clutch shifting” actions,
for changing, in steps, the ratio of a rotating speed of the
output shaft 24 with respect to a rotating speed of the trans-
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mission input shaft 36. The transmission input shaft 36 is a
turbine shaft rotated by the turbine impeller 165 of the torque
converter 16. The automatic transmission 18 is shifted to a
selected one of the gear positions (shift positions) with the
engaging and releasing actions of the clutches and brakes,
according to an amount of operation of an accelerator pedal
by the vehicle operator and a running speed V of the vehicle.
When all of the clutches and brakes are placed in the released
state, the automatic transmission 18 is placed in its neutral
state in which the power transmitting paths between the
engine 14 and electric motor MG and the drive wheels 34 are
placed in the power cutoff state. It is noted that the automatic
transmission 18 is a transmission provided in a hybrid
vehicle.

Referring back to FIG. 1, the vehicle 10 is provided with an
electronic control device 100 including various control por-
tions such as a hybrid drive control portion. In the embodi-
ments described herein, the electronic control device 100 may
include a processor and a memory storing a computer read-
able and executable instruction set which, when executed by
the processor, controls the various functions of the hybrid
vehicle, including, without limitation, the hybrid drive con-
trol portion. For instance, the electronic control device 100
includes a so-called microcomputer incorporating a CPU, a
RAM, a ROM and an input-output interface. The CPU per-
forms signal processing operations according to programs
stored in the ROM, while utilizing a temporary data storage
function of the RAM, to implement various controls of the
vehicle 10. For example, the electronic control device 100 is
configured to implement an output control of the engine 14, a
regenerative control and other drive controls of the electric
motor MG, a shifting control of the automatic transmission
18, a torque capacity control of the lock-up clutch 38, and a
torque capacity control of the engine connecting/disconnect-
ing clutch K0. The electronic control device 100 is constituted
by a plurality of control units, as needed, such as an engine
control unit, an electric motor control unit and a hydraulic
control unit (a shifting control unit).

The electronic control device 100 receives various input
signals such as: an output signal of an engine speed sensor 56
indicative of an operating speed Ne of the engine 14; an
output signal of a turbine speed sensor 58 indicative of a
rotating speed Nt of the turbine impeller 165 of the torque
converter 16, which is an input speed of the automatic trans-
mission 18, namely, a rotating speed Nin of the transmission
input shaft 36; an output signal of an output shaft speed sensor
60 indicative of a rotating speed Nout of the output shaft 24
which is a vehicle-speed related value and which corresponds
to the vehicle running speed V and the rotating speed of the
propeller shaft 26; an output signal of an electric motor speed
sensor 62 indicative of an operating speed Nmg of the electric
motor MG; an output signal of a throttle sensor 64 indicative
of an opening angle 6th of an electronic throttle valve (not
shown); an output signal of an intake air quantity sensor 66
indicative of an intake air quantity Qair of the engine 14; an
output signal of an acceleration sensor 68 indicative of a
longitudinal acceleration value G (or longitudinal decelera-
tion value G) of the vehicle 10; an output signal of a cooling
water temperature sensor 70 indicative of a cooling water
temperature THw of the engine 14; an output signal of an oil
temperature sensor 72 indicative of a temperature THoil of a
working oil in the hydraulic control unit 50; an output signal
of an accelerator opening angle sensor 74 indicative of an
operation amount Acc of an accelerator pedal 76, which is a
drive force of the vehicle 10 required by the vehicle operator
(an operator required vehicle output); an output signal of a
foot brake sensor 78 indicative of an operation amount Brk of
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a brake pedal 80, which is a braking force of the vehicle 10
required by the vehicle operator (an operator required vehicle
deceleration value); an output signal of a shift position sensor
82 indicative of a shift position (operating position) Psh of a
shift lever 84, which is a selected one of a plurality of known
shift lever positions “P”, “N”, “D”, “R” and “S”; and an
output signal of a battery sensor 86 indicative of a stored
electric energy amount (charged or residual energy amount)
SOC of the battery 46. The electronic control device 100 is
supplied with electric energy by an auxiliary battery 88,
through a DC-DC converter (not shown) provided to lower
the voltage of the electric energy.

The electronic control device 100 generates various signals
such as: engine output control command signals Se to control
the output of the engine 14; an electric motor control com-
mand signal Sm for controlling the operation of the electric
motor MG; and hydraulic control command signals Sp for
controlling solenoid valves incorporated in the hydraulic con-
trol unit 50 to control the hydraulic actuators of the engine
connecting/disconnecting clutch K0 and the clutches and
brakes of the automatic transmission 18, and for controlling
the electrically operated oil pump 52.

FIG. 2 is a functional block diagram of the electronic
control device 100. Step-variable shifting control means in
the form of a step-variable shifting control portion 102 con-
trols the shifting actions of the automatic transmission 18.
The step-variable shifting control portion 102 is configured to
determine whether a shifting action of the automatic trans-
mission 18 should be performed, that is, to determine the shift
position to which the automatic transmission 18 should be
shifted. This determination is made on the basis of the vehicle
running condition as represented by the actually detected
vehicle running speed V and accelerator pedal operation
amount Acc (or transmission output torque Tout), for
example, and according to a known predetermined relation-
ship (shifting map) stored in a memory as shift-up and shift-
down lines determined in relation to the vehicle running
speed V and accelerator pedal operation amount Acc used as
variables. The step-variable shifting control portion 102
implements an automatic shifting control of the automatic
transmission 18 to establish the determined shift position.
The step-variable shifting control portion 102 determines that
a shift-down action of the automatic transmission 18 is
required, if the accelerator pedal operation amount Acc (i.e.,
the required vehicle drive torque) has exceeded a value rep-
resented by any one of the shift-down lines as a result of an
increase of the operation amount Acc of the accelerator pedal
76. In this case, the step-variable shifting control portion 102
implements a shift-down control to command the automatic
transmission 18 to perform a shift-down action correspond-
ing to the above-indicated one of the shift-down lines. That is,
the step-variable shifting control portion 102 supplies the
hydraulic control unit 50 with the hydraulic control command
signals (shift output command signals, hydraulic command
signals) Sp for engaging and releasing the coupling devices
selected to achieve a shift position according to a predeter-
mined and stored table of operating states of the coupling
devices in relation to the shift positions of the automatic
transmission 18, for example. The hydraulic control unit 50
controls the linear solenoid valves incorporated therein,
according to the received hydraulic control command signals
Sp, to operate the hydraulic actuators of the selected coupling
devices so that the coupling devices are engaged and released
to shift the automatic transmission 18 to the determined shift
position.

Hybrid drive control means in the form of a hybrid drive
control portion 104 functions as an engine drive control por-
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tion for controlling the operation of the engine 14 and as an
electric motor control portion for controlling the operation of
the electric motor MG as a vehicle drive power source or as an
electric generator, through the inverter 40. The hybrid drive
control portion 104 performs those functions to implement
hybrid drive controls of the engine 14 and the electric motor
MG. For example, the hybrid drive control portion 104 cal-
culates the required vehicle drive torque on the basis of the
accelerator pedal operation amount Acc and the vehicle run-
ning speed V, and controls the vehicle drive power sources
(engine 14 and electric motor MG) so as to generate a total
output torque corresponding to the calculated required
vehicle drive torque, while taking into account a power trans-
mitting loss, a load acting on each accessory device in opera-
tion, the presently established shift position of the automatic
transmission 18, the stored electric energy amount SOC of the
battery 46, etc.

Described more specifically, when the calculated required
vehicle drive torque can be obtained by only an output torque
Tmg of the electric motor MG (electric motor torque Tmg),
for instance, the hybrid drive control portion 104 selects a
motor drive mode (hereinafter referred to as “EV drive
mode”) in which only the electric motor MG is operated as the
vehicle drive power source. When at least an output torque Te
of the engine 14 (engine torque) is needed to obtain the
calculated required vehicle drive torque, on the other hand,
the hybrid drive control portion 104 selects an engine drive
mode in which at least the engine 14 is operated as the vehicle
drive power source. Thus, the hybrid drive control portion 104
selects the EV drive mode or the engine drive mode as the
vehicle drive mode.

To establish the EV drive mode, the hybrid drive control
portion 104 commands the engine connecting/disconnecting
clutch K0 to be placed in the released state, placing the power
transmitting path between the engine 14 and the torque con-
verter 16 in the power cutoff state. In the EV drive mode, the
hybrid drive control portion 104 controls the electric motor
MG to generate the electric motor torque Tmg required for
running the vehicle in the EV drive mode. To establish the
engine drive mode, on the other hand, the hybrid drive control
portion 104 commands the engine connecting/disconnecting
clutch K0 to be placed in the engaged state, transmitting the
drive force of the engine 14 to the pump impeller 16a. In the
engine drive mode, the hybrid drive control portion 104 con-
trols the electric motor MG to generate an assisting vehicle
drive torque, as needed. While the oil pump 22 is at restin a
stationary state of the vehicle, for example, the hybrid drive
control portion 104 operates the electrically operated oil
pump 52 as the auxiliary oil pump, to generate the required
hydraulic pressure.

The hybrid drive control portion 104 also functions as a
regenerative control during coasting of the vehicle in the
non-operated state of the accelerator pedal or during braking
of'the vehicle by operation of the brake pedal 80. Namely, the
hybrid drive control portion 104 controls the electric motor
MG to be operated as the electric generator using the kinetic
energy of the running vehicle 10, that is, with a reverse drive
force transmitted from the drive wheels 34 toward the engine
14, converting the kinetic energy into an electric energy to be
stored in the battery 46 through the inverter 40, in order to
improve the fuel economy of the vehicle. The amount of
regeneration of the electric energy by the electric motor MG
under the control of the hybrid drive control portion 104 is
determined according to the stored electric energy amount
SOC ofthe battery 46, and a portion of the total braking force
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corresponding to the brake pedal operation amount, which
portion is assigned to a hydraulically operated braking sys-
tem.

The hybrid drive control portion 104 is functionally pro-
vided with an engine starting control portion 106 (engine
starting control means) for starting the engine 14 to switch the
vehicle drive mode from the EV drive mode to the engine
drive mode, if the required vehicle drive torque is increased as
a result of an increase of the operation amount of the accel-
erator pedal 76 in the EV drive mode, to a value that is higher
than a maximum value of the electric motor torque Tmg that
can be obtained in the EV drive mode. For starting the engine
14, the engine starting control portion 106 places the engine
connecting/disconnecting clutch K0 in the slipping state and
gradually brings the clutch K0 into the fully engaged state so
that an engine starting torque Tmgs for starting the engine is
transmitted from the electric motor MG to the engine through
the clutch K0 in the slipping state to start the engine 14, to
increase the engine speed Ne to a value corresponding to the
electric motor speed Nmg, while at the same time the engine
starting control portion 106 implements an engine ignition
control and a fuel supply control, thereby starting the engine
14. After the engine 14 has been started, the hybrid drive
control portion 104 rapidly brings the engine connecting/
disconnecting clutch K0 into the fully engaged state in which
the engine speed Ne and the electric motor speed Nmg
become equal to each other.

By the way, the point indicative of the vehicle running
condition may move across any shift-down line in the direc-
tion requiring a shift-down action of the automatic transmis-
sion 18 during an engine starting control by the engine start-
ing control portion 106. Namely, a shift-down action of the
automatic transmission 18 may be required during the engine
starting control. Where the engine starting control and the
control for the shift-down action of the automatic transmis-
sion 18 are required concurrently, the shift-down action is
delayed in conventional control systems such that the shift-
down action is performed after completion of the engine
starting control. In this manner of control, the engine starting
control is implemented while a difference between the engine
speed Ne and the electric motor speed Nmg is small, so that
the amount of heat generated by the engine connecting/dis-
connecting clutch K0 due to its slipping action during the
engine starting control is reduced, whereby it is possible to
reduce deterioration of the engine connecting/disconnecting
clutch K0 due to the generated heat. However, the shift-down
action performed only after completion of the engine starting
control means a delay of the shift-down action, and a low
degree of responsiveness of the vehicle to a vehicle operator’s
requirement for the shift-down action for high drivability of
the vehicle, resulting in the vehicle operator’s dissatisfaction
with the delayed shift-down action although the acceleration
request of the operator is relatively large.

In view of the problem indicated above, the electronic
control device 100 is provided with two control means for
controlling the shift-down action of the automatic transmis-
sion 18 required to be performed during switching of the
vehicle drive mode from the motor drive mode to the engine
drive mode, that is, during the engine starting control. These
two control means are operated in respective first and second
control modes. In the first control mode, the engine starting
control and the shift-down control of the automatic transmis-
sion 18 are concurrently implemented. In the second control
mode, the shift-down control to shift down the automatic
transmission 18 is implemented after completion of the
engine starting control. These first and second control modes
are selectively operated on the basis of the conditions
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described below, to assure not only reduction of deterioration
of the engine connecting/disconnecting clutch K0 due to the
generated heat, but also an improvement of the responsive-
ness of the hybrid vehicle to a vehicle operator’s desire for
high drivability of the vehicle. The first and second control
modes will be described in detail. In the first and second
control modes described below, the lock-up clutch 38 is
placed in the engaged state in which the electric motor speed
Nmg is equal to the input speed Nin of the input shaft 36 of the
automatic transmission 18.

To begin with, the first control mode will be described. In
this first control mode, the engine starting control portion 106
and the step-variable shifting control portion 102 concur-
rently implement the engine starting control and the shift-
down control of the automatic transmission 18, respectively.
In this case, the shift-down action of the automatic transmis-
sion 18 is not delayed, as in the conventional control
described above, so that the response of the vehicle to the
vehicle operator’s desire for high drivability of the vehicle is
improved. Described in further detail with respect to the first
control mode, the engine speed Ne is increased in the progress
of'the slipping action of the engine connecting/disconnecting
clutch K0, so as to follow an increase of the electric motor
speed Nmg, which is also increased in the progress of the
shift-down action. Therefore, the engine speed Ne is
increased during the slipping action of the engine connecting/
disconnecting clutch K0, eventually to a value of the electric
motor speed Nmg to be established upon completion of the
shift-down action, when the clutch K0 has been brought into
its fully engaged state. In this case, the amount of increase of
the engine speed Ne in the engine starting control to a target
value (equal to the value of the electric motor speed Nmg to be
established upon completion of the shift-down action) is
accordingly large, whereby a comparatively large amount of
heat is generated by the clutch KO0. It is noted that the first
control mode requires the engine starting control and the
shift-down control of the automatic transmission 18 to be
implemented such that the periods of time of these two con-
trols at least partially overlap each other, and does not require
that the two controls are initiated at completely the same point
of time and terminated at completely the same point of time.
That is, the points of time of initiation and/or termination of
the engine starting control and the shift-down control may be
different from each other in the first control mode.

The second control mode will now be described. In the
second control mode, the step-variable shifting control por-
tion 102 implements the shift-down control to shift down the
automatic transmission 18 after completion of the engine
starting control by the engine starting control portion 106. In
this case, the shift-down action of the automatic transmission
18 is delayed, so that the response of the vehicle to the vehicle
operator’s desire for high drivability of the vehicle is lowered.
In the engine starting control in the second control mode, the
engine speed Ne is increased to a value of the electric motor
speed Nmg prior to initiation of the shift-down action, which
is less than that to be established upon completion of the
shift-down action. Accordingly, the amount of increase of the
engine speed Ne to a target value (equal to the value of the
electric motor speed Nmg prior to initiation of the shift-down
action) is comparatively small, whereby an accordingly small
amount of heat is generated by the clutch K0 during slipping
of'the clutch. Further, the comparatively low slipping speed of
the clutch K0 permits the engine speed Ne to be rapidly
increased to the electric motor speed Nmg, making it possible
to shorten the length of time required for the engine starting
control. After completion of the engine starting control, the
engine connecting/disconnecting clutch K0 is brought into its
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fully engaged state, and the shift-down action is performed
when the engine speed Ne and the electric motor speed Nmg
are equal to each other.

FIG. 3 graphically depicts a time chart of the control opera-
tions in the first control mode and the second control mode for
implementing the engine starting control and the shift-down
control to shift down the automatic transmission 18 from a
third-gear position to a second-gear position. In FIG. 3, a
broken line and a one-dot chain line respectively represent the
electric motor speed (motor speed) Nmg and the engine speed
Ne in the first control mode, while a solid line and a two-dot
chain line respectively represent the electric motor speed
Nmg and the engine speed Ne in the second control mode.

At atimet] indicated in FIG. 3, the accelerator pedal 76 is
operated to increase the opening angle 6th of the throttle valve
(throttle angle 6th), so that the engine is required to be started,
and the automatic transmission 18 is required to be shifted
down from the third-gear position to the second-gear posi-
tion. At a time t2, the control operation is initiated.

In the first control mode, the engine starting control and the
shift-down control of the automatic transmission 18 are con-
currently initiated at the time t2. Namely, the engaging action
of'the engine connecting/disconnecting clutch K0 is initiated
at the time t2, so that an increase of the engine speed Ne is
initiated as indicated by the one-dot chain line. At a time
substantially coincident with the time t2, the shift-down con-
trol of the automatic transmission 18 is initiated, and an
increase of the speed Nmg of the electric motor connected to
the input shaft 36 of the automatic transmission 18 is initiated
as indicated by the broken line. After the time t2, the engine
speed Ne is increased in the progress of the engaging action to
slip the engine connecting/disconnecting clutch K0, so as to
follow an increase of the electric motor speed Nmg which is
increased in the progress of the shift-down action. At a time
15, the electric motor speed Nmg reaches a target value to be
established upon completion of the shift-down action of the
automatic transmission 18 to the second-gear position. At a
time shortly after the time t5, the engine speed Ne is increased
to the above-indicated target value. In the first control mode in
which the engine speed Ne is increased under the control of
the slipping action of the engine connecting/disconnecting
clutch K0, from zero to the target value to be established upon
completion of the shift-down action, a difference between the
initial value of the engine speed Ne and the target value of the
electric motor speed Nmg to be established upon completion
of the shift-down action is comparatively large, so that an
accordingly large amount of heat is generated by the engine
connecting/disconnecting clutch K0 during the slipping
action of the clutch K0. Further, the length of time required
for completion of the engine starting control is comparatively
long.

Inthe second control mode, only the engine starting control
is initiated at the time t2, and an increase of the engine speed
Ne is initiated as indicated by the two-dot chain line. On the
other hand, the shift-down control of the automatic transmis-
sion 18 is delayed as indicated by the solid line, that is, the
electric motor speed Nmg after the time t2 is kept at the value
as of a moment at which the shift-down action is required. In
the second control mode, the engine speed Ne is merely
required to be increased to the value of the electric motor
speed Nmg prior to initiation of the shift-down action, so that
the difference between the initial value of the engine speed Ne
and the electric motor speed Nmg is comparatively small,
whereby the engine speed Ne is increased to the electric
motor speed Nmg in a shorter length of time (ending at a time
13) relative to that in the first control mode, and the engine
starting control is thus completed. After the completion of the
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engine starting control at the time t3, the shift-down control of
the automatic transmission 18 is initiated at a time t4. At this
time t4, the engine connecting/disconnecting clutch K0 has
already been placed in the fully engaged state, so that no heat
is generated by the clutch K0. At a time t6, the engine speed
Ne and the electric motor speed Nmg reach the target value to
be established upon completion of the shift-down action, and
the shift-down action of the automatic transmission 18 is thus
completed. In the second control mode in which the initiation
of the shift-down action is delayed, the length of time (up to
the time t6) required for completion of the engine starting
control and the shift-down action is longer than in the first
control mode (in which the shift-down action is completed at
a time shortly after the time t5). However, the amount of
increase of the engine speed Ne in the engine starting control
to the target speed (equal to the value of the electric motor
speed Nmg prior to initiation of the shift-down action) is
comparatively small, so that an accordingly small amount of
heat is generated by the clutch KO0.

Referring back to FIG. 2, a switching control portion
(switching control means) 108 is configured to select one of
the first and second control modes, in which the engine start-
ing control and the shift-down control of the automatic trans-
mission 18 are implemented. The switching control portion
108 calculates the input shaft speed Nin to be established
upon completion of the shift-down action. The switching
control portion 108 selects the first control mode if the cal-
culated input shaft speed Nin is lower than a predetermined
threshold value Na, and selects the second control mode if the
calculated input speed Nin is equal to or higher than the
threshold value Na. Since the input shaft speed Nin to be
established upon completion of the shift-down action is likely
to exceed the predetermined threshold value Na with an
increase of the input shaft speed Nin to be established upon
completion of the shift-down action, the second control mode
rather than the first control mode is more likely to be selected
when the electric motor speed Nmg to be established upon
completion of the shift-down action is relatively high. In the
present embodiment in which the lock-up clutch 38 is placed
in the engaged state in the first and second control modes, the
electric motor speed Nmg and the speed Nin of the transmis-
sion input shaft 36 are equal to each other, so that the switch-
ing control portion 108 selects the first control mode if the
electric motor speed Nmg to be established upon completion
of the shift-down action is lower than the predetermined
threshold value Na, and selects the second control mode if the
electric motor speed Nmg to be established upon completion
of the shift-down action is equal to or higher than the thresh-
old value Na. Thus, the second control mode rather than the
first control mode is more likely to be selected when the
electric motor speed Nmg to be established upon completion
of the shift-down action is relatively high.

FIG. 4 graphically depicts a relationship between the elec-
tric motor speed Nmg to be established upon completion of
the shift-down action of the automatic transmission 18, and a
calculated temperature Tc of the engine connecting/discon-
necting clutch K0, where this electric motor speed Nmg is
used as the target value in the engine starting control. In this
example of FIG. 4, the clutch temperature Tc upon initiation
of the engine starting control is about 120° C.

As indicated in FIG. 4, the clutch temperature Tc increases
with an increase of the electric motor speed Nmg to be estab-
lished upon completion of the shift-down action, in other
words, with an increase of the target value to which the engine
speed Ne is increased during the slipping action of the engine
connecting/disconnecting clutch K0 in the engine starting
control. Namely, the amount of heat generated by the engine
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connecting/disconnecting clutch K0 during its slipping
action increases with an increase of the target value to which
the engine speed Ne is increased during the slipping action.

As also indicated in FIG. 4, the clutch temperature Tc is
increased to 200° C. where the electric motor speed Nmg to
be established upon completion of the shift-down action is
2000 rpm. Where a permissible highest temperature value Ta
of'the clutch temperature Tc of the engine connecting/discon-
necting clutch K0 is 200° C., as indicated by one-dot chain
line, a highest value to which the engine speed Ne is permitted
to be increased during the slipping action of the clutch KO0 is
2000 rpm in the example of FIG. 4. Therefore the engine
rotation speed Ne can be increased to a value less than 2000
rpm by the slipping control. That is, where the target value of
the electric motor speed Nmg to be established upon comple-
tion of the shift-down action is equal to or higher than 2000
rpm, the clutch temperature Tc will exceed 200° C. if the
engine starting control is implemented. Therefore, the shift-
down control is inhibited in this case. For this reason, in the
example of FIG. 4, the above-indicated threshold value Na of
the electric motor speed Nmg to be established upon comple-
tion of the shift-down action is 2000 rpm. Namely, where the
electric motor speed Nmg to be established upon completion
of the shift-down action is lower than 2000 rpm, the clutch
temperature Tc will not exceed the permissible highest tem-
perature value Ta in the first control mode. In this case, the
engine connecting/disconnecting clutch K0 will not be dete-
riorated due to the generated heat.

The switching control portion 108 calculates the electric
motor speed Nmg to be established upon completion of the
shift-down action, and determines whether the calculated
electric motor speed Nmg is equal to or greater than the
above-indicated threshold value Na. If the calculated electric
motor speed Nmg to be established upon completion of the
shift-down action is less than the threshold value Na, the
switching control portion 108 determines that the clutch tem-
perature Tc will not exceed the permissible highest tempera-
ture value Ta in the first control mode, and selects the first
control mode. If the calculated electric motor speed Nmg is
equal to or greater than the threshold value Na, on the other
hand, the switching control portion 108 determines that the
clutch temperature Tc will exceed the permissible highest
temperature value Ta in the first control mode, and selects the
second control mode. In this respect, it is noted that the
electric motor speed Nmg to be established after the shift-
down action is calculated on the basis of the vehicle running
speed V (transmission output shaft speed Nout), and a speed
ratio y of the gear position to which the automatic transmis-
sion 18 is shifted down.

In the example of FIG. 4 in which the initial value of the
clutch temperature Tc upon initiation of the engine starting
control is 120° C., the threshold value Na is 2000 rpm. How-
ever, the threshold value Na changes depending upon the
initial value of the clutch temperature Tc upon initiation of the
engine starting control. FIG. 5 graphically depicts different
relationships between the engine speed Ne and the clutch
temperature Tc after the engine starting control, in the respec-
tive cases of a plurality of initial values upon initiation of the
engine starting control.

The relationships indicated in FIG. 5 include the relation-
ship of FIG. 4 where the initial value of the clutch temperature
Tc upon initiation of the engine starting control is 120° C.,
wherein the clutch temperature Tc is increased to the permis-
sible highest temperature value Ta of 200° C. when the engine
speed Ne is increased to 2000 rpm. The relationships of FIG.
5 also includes the relationship where the initial value of the
clutch temperature Tc upon initiation of the engine starting
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control is 100° C., wherein the clutch temperature Tc is
increased to 200° C. when the engine speed Ne is increased to
about 2300 rpm. The relationships of FIG. 5 further include
the relationship where the initial value of the clutch tempera-
ture Tc upon initiation of the engine starting control is 150°
C., wherein the clutch temperature Tc is increased to 200° C.
when the engine speed Ne is increased to about 1450 rpm.
Thus, the engine speed Ne at which the clutch temperature Tc
reaches 200° C. after initiation of the engine starting control
decreases with an increase of the initial value of the clutch
temperature Tc upon initiation of the engine starting control.
The values of the engine speed Ne at which the above-indi-
cated clutch temperature Tc reaches 200° C. are set as the
above-indicated threshold value Na. Accordingly, the thresh-
old value Na is set so as to decrease with an increase of the
initial value of the clutch temperature Tc upon initiation of the
engine starting control. Where the threshold value Na is set to
be relatively low, the electric motor speed Nmg to be estab-
lished upon completion of the shift-down action is likely to
exceed the threshold value Na, so that the second control
mode rather than the first control mode is more likely to be
selected. Namely, the second control mode rather than the
first control mode is more likely to be selected when the initial
value of the clutch temperature Tc upon initiation of the
engine starting control is relatively high.

The switching control portion 108 detects the clutch tem-
perature Tc upon initiation of the engine starting control, and
updates the threshold value Na according to the detected
clutch temperature Tc. For example, the switching control
portion 108 calculates the temperature Tc of the engine con-
necting/disconnecting clutch K0 on the basis of the tempera-
ture THoil of the working oil which influences the clutch
temperature Tc. Described more specifically, the switching
control portion 108 calculates the clutch temperature Tc, on
the basis of the actual value of the working oil temperature
THoil, and according to a predetermined relationship
between the clutch temperature Tc and the working oil tem-
perature THoil, which relationship was obtained by experi-
mentation. Alternatively, the switching control portion 108
calculates the clutch temperature Tc according to an experi-
mental formula.

The switching control portion 108 determines the thresh-
old value Na on the basis of the obtained clutch temperature
Tc, and according to a predetermined relationship stored in
memory between the clutch temperature Tc and the threshold
value Na. FIG. 6 is an example of a map representing the
relationship between the clutch temperature Tc and the
threshold value Na. This map of FIG. 6 is obtained by plotting
values of the engine speed Ne (represented by respective
points of intersection between a one-dot chain line and solid
lines in FIG. 5) to which the clutch temperature Tc is
increased from the respective initial values upon initiation of
the engine starting control to the permissible highest tempera-
ture value Ta (=200° C.) indicated by a one-dot chain line in
FIG. 5 after initiation of the engine starting control. As is
apparent from FIG. 6, the threshold value Na decreases with
an increase of the clutch temperature Tc upon initiation of the
engine starting control. The switching control portion 108
determines the threshold value Na on the basis of the obtained
clutch temperature Tc and according to the map of FIG. 6, and
selects the first control mode if the electric motor speed Nmg
to be established after completion of the shift-down action is
lower than the determined threshold value Na, and the second
control mode if the electric motor speed Nmg is equal to or
higher than the threshold value Na. According to this selec-
tion, the clutch temperature Tc will not exceed the permis-
sible highest temperature value Ta even if the first control
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mode is selected, and the response of the vehicle to the vehicle
operator’s desire for high drivability of the vehicle will be
improved. The second control mode is selected only where
the clutch temperature Tc after initiation of the engine starting
control would exceed the permissible highest temperature
value Ta in the first control mode, so that the deterioration of
the engine connecting/disconnecting clutch K0 due to a rise
of'its temperature is prevented.

FIG. 7 is a flow chart of a major control operation of the
electronic control device 100. More specifically, FIG. 7 is a
flow chart of a control operation to implement the engine
starting control and the shift-down control of the automatic
transmission 18. This control operation is repeatedly per-
formed with an extremely short cycle time of several milli-
seconds to several tens of milliseconds, for example. The
control routine of the flow chart of FIG. 7 is based on an
assumption that the engine starting control has been initiated
prior to initiation of the control routine. However, the control
routine of the flow chart of FIG. 7 may apply to the case in
which the engine starting control and the shift-down control
are concurrently or substantially concurrently initiated.

The control routine is initiated with step S1 (corresponding
to the step-variable shifting control portion 102) to determine
whether a shift-down action of the automatic transmission 18
is required. If a negative determination is obtained in step S1
(hereinafter “step” being omitted), only the engine starting
control is implemented, and one cycle of execution of the
present control routine is terminated. If an affirmative deter-
mination is obtained in S1, the control flow goes to S2 (cor-
responding to the switching control portion 108) to detect the
present value of the clutch temperature Tc, calculate the
threshold value Na on the basis of the detected clutch tem-
perature Tc, and determine whether the electric motor speed
Nmg to be established upon completion of the shift-down
action is equal to or greater than the threshold value Na. If a
negative determination is obtained in S2, it is determined that
it is permissible to select the first control mode. In this case,
therefore, the control flow goes to S6 (corresponding to the
step-variable shifting control portion 102) to implement the
shift-down control concurrently with the engine starting con-
trol, so that the response of the vehicle to the vehicle opera-
tor’s desire for high drivability of the vehicle is improved. If
an affirmative determination is obtained in S2, it is deter-
mined that it is not permissible to select the first control mode.
In this case, therefore, the second control mode is selected.
Namely, the control flow goes to S3 (corresponding to the
step-variable shifting control portion 102) to delay the shift-
down action of the automatic transmission 18. Then, the
control flow goes to S4 (corresponding to the engine starting
control portion 106) to determine whether the engine starting
controlis completed. For instance, this determination is made
by determining whether the difference between the engine
speed Ne and the electric motor speed Nmg is less than a
threshold value or not, or whether the torque capacity of the
engine connecting/disconnecting clutch K0 has increased to a
predetermined value or not. If a negative determination is
obtained in S4, the control flow goes back to S3, to continue
delaying of the shift-down action. If an affirmative determi-
nation is obtained in S4, it is determined that the engine
starting control is completed, namely, the engine connecting/
disconnecting clutch K0 has been brought into its fully
engaged state. In this case, the control flow goes to S5 (cor-
responding to the shifting control portion 102) to initiate the
shift-down action which has been delayed. Accordingly, the
deterioration of the engine connecting/disconnecting clutch
KO0 due to overheating is prevented, although the vehicle
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response to the operator’s desire for high vehicle drivability is
low relative to a case of the first control mode.

The present embodiment described above is configured
such that the second control mode in which the amount ofheat
generated by the slipping action of the clutch K0 is reduced is
more likely to be selected when the temperature Tc of the
engine connecting/disconnecting clutch K0 is relatively high,
so that the deterioration of the engine connecting/disconnect-
ing clutch K0 due to the generated heat is prevented. When the
clutch temperature Tc is relatively low, on the other hand, the
first control mode is more likely to be selected, so that the
response of the vehicle to the operator’s desire for high driv-
ability ofthe vehicle is improved. In the first control mode, the
amount of heat generated by the engine connecting/discon-
necting clutch K0 is relatively large, but the clutch tempera-
ture Tc which is relatively low will not exceed its permissible
highest temperature value Ta. Thus, the control mode is
switched between the first control mode and the second con-
trol mode, according to the clutch temperature Tc, permitting
not only the prevention of deterioration of the engine con-
necting/disconnecting clutch K0 due to the generated heat,
but also the improvement of the vehicle response to the opera-
tor’s desire for high vehicle drivability.

The present embodiment is further configured such that the
second control mode is more likely to be selected than the first
control mode when the electric motor speed Nmg to be estab-
lished upon completion of the shift-down action of the auto-
matic transmission 18 is relatively high. The amount of heat
generated by the slipping action of the engine connecting/
disconnecting clutch KO during starting of the engine
increases with an increase of the electric motor speed Nmg.
Accordingly, the amount of heat generated by the engine
connecting/disconnecting clutch KO0 is further effectively
reduced by selecting the second control mode when the elec-
tric motor speed Nmg is relatively high, so that the deterio-
ration of the engine connecting/disconnecting clutch K0 due
to the generated heat is prevented.

The present embodiment is also configured to select the
second control mode when the input speed Nin of the auto-
matic transmission 18 (namely, the electric motor speed
Nmg) to be established upon completion of the shift-down
action is equal to or greater than the predetermined threshold
value Na, and to select the first control mode when the input
speed Nin is less than the predetermined threshold value Na.
Thus, one of the first control mode and the second control
mode is selected according to the calculated input speed Nin
to be established upon completion of the shift-down action.
The second control mode is more likely to be selected when
the input speed Nin is relatively high, since the input speed
Nin is likely to exceed the threshold value Na.

The present embodiment is further configured such that the
threshold value Na is set so as to decrease with an increase of
the temperature Tc of the engine connecting/disconnecting
clutch KO upon initiation of the engine starting control.
Accordingly, the second control mode is more likely to be
selected when the clutch temperature Tc is relatively high,
since the threshold value Na decreases with the increase of the
clutch temperature Tc.

Other embodiments of the control apparatus and system
will now be described. In the following description, the same
reference signs will be used to identify the same or similar
elements described in the preceding embodiment.

Second Embodiment

In the preceding embodiment, the threshold value Na is
changed on the basis of the clutch temperature Tc upon ini-
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tiation of the engine starting control, so that the second con-
trol mode rather than the first control mode is more likely to
be selected when the clutch temperature Tc is relatively high.
However, one of the first control mode and the second control
mode may be selected by estimating the clutch temperature
Tc as of the time when the engine speed Ne has been
increased to the electric motor speed Nmg to be established
upon completion of the shift-down action.

When the engine starting control is required, the switching
control portion 108 in the present embodiment estimates the
temperature Tc of the engine connecting/disconnecting
clutch K0 as of the time when the engine speed Ne has been
increased to the electric motor speed Nmg to be established
upon completion of the shift-down action by slipping control
of the clutch K0, namely, the switching control portion 108
estimates the clutch temperature Tc if the first control mode is
selected. For instance, the switching control portion 108
stores therein a map as indicated in FIG. 8, which map rep-
resents different amounts of rise AT of the clutch temperature
Tc corresponding to respective combinations of the kind of
shift-down action of the automatic transmission 18 and the
vehicle running speed V. The switching control portion 108
determines the amount of rise AT of the clutch temperature
Tc, on the basis of the present kind of the shift-down action
and the present vehicle running speed V, and according to the
mayp. Further, the switching control portion 108 estimates the
clutch temperature Tc upon completion of the engine starting
control, by adding the determined amount of rise AT to the
present value of the clutch temperature Tc. Then, the switch-
ing control portion 108 determines whether the estimated
clutch temperature Tc is greater than the predetermined per-
missible highest temperature value Ta (upper limit) of the
engine connecting/disconnecting clutch K0, and selects the
second control mode if the estimated clutch temperature Tc is
greater than the permissible highest temperature value Ta, or
selects the first control mode if the estimated clutch tempera-
ture Tc is less than the permissible highest temperature value
Ta. Itis noted that the map of the amounts of temperature rise
AT indicated in FIG. 8 is obtained by experimentation and
stored in a memory. It is also noted that the permissible
highest temperature value Ta is determined such that the
deterioration of the engine connecting/disconnecting clutch
KO0 can be prevented below the permissible highest tempera-
ture value Ta (for example, 200° C.).

Thus, the clutch temperature Tc as of the time when the
engine speed Ne has been increased to the electric motor
speed Nmg to be established upon completion of the shift-
down action is calculated (estimated), and the second control
mode is selected if the calculated clutch temperature Tc is
greater than the permissible highest temperature value Ta,
while the first control mode is selected if the calculated clutch
temperature Tc is not greater than the permissible highest
temperature value Ta. Namely, the second control mode
rather than the first control mode is more likely to be selected
when the clutch temperature Tc estimated if the first control
mode is selected is relatively high. Since the second control
mode is selected if the calculated clutch temperature Tc is
greater than the permissible highest temperature value Ta, the
amount of heat generated by the engine connecting/discon-
necting clutch K0 during the engine starting control is
reduced, so that the deterioration of the engine connecting/
disconnecting clutch K0 due to the generated heat is pre-
vented. If the calculated clutch temperature Tc is not greater
than the permissible highest temperature value Ta, the first
control mode is selected so that response of the vehicle to the
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operator’s desire for high vehicle drivability can be improved
without the clutch temperature Tc exceeding the permissible
highest temperature value Ta.

FIG. 9 is a flow chart depicting a major control operation of
the electronic control device 100 according to another
embodiment. More specifically, FIG. 9 is a flow chart depict-
ing a control operation to implement the engine starting con-
trol and the shift-down control of the automatic transmission
18.

The control routine of FIG. 9 is initiated with step S1
(corresponding to the step-variable shifting control portion
102) to determine whether a shift-down action of the auto-
matic transmission 18 is required. If a negative determination
is obtained in step S1 (hereinafter “step” being omitted), only
the engine starting control is implemented, and one cycle of
execution of the present control routine is terminated. If an
affirmative determination is obtained in S1, the control flow
goes to S2 (corresponding to the switching control portion
108) to calculate (estimate) the clutch temperature Tc as of
the time when the engine speed Ne has been increased to the
electric motor speed Nmg to be established upon completion
of the shift-down action, and determining whether the calcu-
lated clutch temperature Tc is equal to or greater than the
predetermined permissible highest temperature value Ta. If a
negative determination is obtained in S2, it is determined that
it is permissible to select the first control mode. In this case,
therefore, the control flow goes to S6 (corresponding to the
step-variable shifting control portion 102) to implement the
shift-down control concurrently with the engine starting con-
trol, so that the response of the vehicle to the vehicle opera-
tor’s desire for high drivability of the vehicle is improved. If
an affirmative determination is obtained in S2, it is deter-
mined that it is not permissible to select the first control mode.
In this case, therefore, the second control mode is selected.
Namely, the control flow goes to S3 (corresponding to the
step-variable shifting control portion 102) to delay the shift-
down action of the automatic transmission 18. Then, the
control flow goes to S4 (corresponding to the engine starting
control portion 106) to determine whether the engine starting
control is completed. If a negative determination is obtained
in S4, the control flow goes back to S3, to continue the delay
of the shift-down action. If an affirmative determination is
obtained in S4, it is determined that the engine starting control
is completed, namely, the engine connecting/disconnecting
clutch K0 has been brought into its fully engaged state. In this
case, the control flow goes to S5 (corresponding to the shift-
ing control portion 102) to initiate the shift-down action
which has been delayed. Accordingly, the deterioration of the
engine connecting/disconnecting clutch K0 due to overheat-
ing is better mitigated in the second control mode relative to
the first control mode, although the vehicle response to the
operator’s desire for high vehicle drivability is comparatively
low.

As described above, the present embodiment is configured
to calculate (estimate) the temperature Tc of the engine con-
necting/disconnecting clutch K0 as of the time when the
engine speed Ne has been increased to the electric motor
speed Nmg to be established upon completion of the shift-
down action, and to select one of'the first control mode and the
second control mode on the basis of the calculated clutch
temperature Tc. In this respect, the present embodiment pro-
vides the same advantages as the preceding embodiment.

Third Embodiment

In the preceding embodiments, the second control mode
rather than the first control mode is more likely to be selected
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to change the vehicle drive mode from the motor drive mode
to the engine drive mode, when the temperature Tc of the
engine connecting/disconnecting clutch K0 upon initiation of
the engine starting control is relatively high than when it is
relatively low. Described more specifically, the preceding
embodiments are configured to select the second control
mode when the clutch temperature Tc upon initiation of the
engine starting control is relatively high, so that the shift-
down control is implemented after completion of the engine
starting control, whereby the amount of slipping of the engine
connecting/disconnecting clutch K0 is reduced to minimize
the amount of generation of heat by the clutch K0. On the
other hand, the present embodiment is configured to delay the
time of initiation of the shift-down action of the automatic
transmission 18 by a longer length of time when the tempera-
ture Tc of the engine connecting/disconnecting clutch K0 at
the time of initiation of the engine is relatively high than when
it is relatively low. Described more specifically, the present
embodiment is configured not to necessarily delay the initia-
tion of the shift-down action until the engine starting control
is completed as in the preceding embodiments, but to initiate
the shift-down action during the engine starting control.

FIG. 10 is a functional block diagram depicting major
control functions of the electronic control device 100 accord-
ing to the present embodiment. The electronic control device
100 of FIG. 10 is different from that of FIG. 2 only in that the
electronic control device 100 of FIG. 10 is provided with a
shift-down action initiation point control portion 120 (shift-
down action initiation point control means). The shift-down
action initiation point control portion 120 will be described in
further detail herein.

When the automatic transmission 18 is required to be
shifted down (i.e., a shift-down action is initiated) while the
vehicle drive mode is switched from the motor drive mode to
the engine drive mode, the shift-down action initiation point
control portion 120 detects the temperature Tc of the clutch
upon initiation of the engine starting control, and delays the
time of initiation of the shift-down action of the automatic
transmission 18 by a longer length of time when the detected
clutch temperature Tc is relatively high than when it is rela-
tively low. The delayed initiation of the shift-down action of
the automatic transmission 18 results in a delayed entry of the
automatic transmission 18 into the inertia phase, namely, a
delayed increase of the input speed Nin of the automatic
transmission 18. The delayed increase of the input speed Nin
of the automatic transmission 18 permits synchronization of
the engine speed Ne with the input speed Nin (that is, the
electric motor speed Nmg), namely, completion of the engine
starting control with the engine connecting/disconnecting
clutch K0 placed in the fully engaged state, when the engine
speed Ne is relatively low. Accordingly, it is possible to
reduce the amount of slipping of the engine connecting/dis-
connecting clutch K0 during the engine starting control, and
consequently reduce the amount of heat generated by the
engine connecting/disconnecting clutch K0.

The shift-down action initiation point control portion 120
stores therein a map representing a relationship between the
clutch temperature Tc upon initiation of the engine starting
control and a delay time Tdelay from a time at which the
requirement for the shift-down action of the automatic trans-
mission 18 is determined to a time at which the shift-down
action is actually initiated. An example of this map is shown
in FIG. 11. The shift-down action initiation point control
portion 120 determines the delay time Tdelay on the basis of
the clutch temperature Tc and according to the above-indi-
cated relationship, and commands the automatic transmission
18 to initiate the shift-down action when the determined delay
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time Tdelay has passed after the time at which the require-
ment for the shift-down action was determined. As is apparent
from FIG. 11, the delay time Tdelay is set so as to increase
with an increase of the clutch temperature Tc upon initiation
of the engine starting control. Namely, the length of time by
which the initiation of the shift-down action is delayed
increases with an increase of the clutch temperature Tc.
Accordingly, the engine speed Ne which has been increased
during the engine starting control synchronizes with the input
speed Nin when the engine speed Ne is lower than the input
speed Nin upon initiation or completion of the shift-down
action, so that the amount of slipping of the engine connect-
ing/disconnecting clutch K0 during the engine starting con-
trol is reduced, whereby the amount of heat generated by the
clutch K0 is reduced. It is noted that the above-indicated
relationship is obtained by experimentation so that the tem-
perature of the engine connecting/disconnecting clutch K0 in
the engine starting control will not exceed the predetermined
permissible highest temperature value Ta.

The present embodiment described above is configured
such that when the automatic transmission 18 is required to be
shifted down while the hybrid vehicle is switched from the
motor drive mode to the engine drive mode, the length of time
by which the time of initiation of the shift-down action of the
automatic transmission 18 is delayed increases with an
increase of the temperature Tc of the engine connecting/
disconnecting clutch K0 upon initiation of the engine starting
control. Accordingly, it is possible to complete the engine
starting control with the engine connecting/disconnecting
clutch K0 placed in the fully engaged state, when the engine
speed Ne is relatively low, so that the amount of slipping of
the clutch K0 during the engine starting control is reduced,
whereby the deterioration of the engine connecting/discon-
necting clutch K0 due to the generated heat can be prevented.
Further, the shift-down action is initiated with a relatively
short delay time when the clutch temperature Tc upon initia-
tion of the engine starting control is relatively low, so that the
response of the hybrid vehicle to the operator’s desire for high
vehicle drivability can be improved.

Fourth Embodiment

The engine starting control portion 106 according to the
present embodiment controls an engaging torque Tk of the
engine connecting/disconnecting clutch KO0 such that the
engaging torque Tk is relatively large when the clutch tem-
perature Tc upon initiation of the engine starting control is
relatively high than when it is relatively low. An increase of
the engaging torque Tk of the engine connecting/disconnect-
ing clutch K0 results in an increase of a rate of rise of the
engine speed Ne, so that the engine speed Ne is rapidly
increased to the electric motor speed Nmg (input speed Nin),
whereby the engine speed Ne and the electric motor speed
Nmg (input speed Nin) synchronize with each other when
these speeds Ne and Nmg are relatively low. Accordingly, the
amount of slipping of the engine connecting/disconnecting
clutch K0 during the engine starting control is reduced, so that
the amount of heat generated by the engine connecting/dis-
connecting clutch K0 is reduced.

In this embodiment, the engine starting control portion 106
stores therein a map representing a relationship between the
clutch temperature Tc upon initiation of the engine starting
control and the engaging torque Tk of the engine connecting/
disconnecting clutch K0. An example of this map is graphi-
cally depicted in FIG. 12. The engine starting control portion
106 determines the engaging torque Tk on the basis of the
clutch temperature Tc and according to the above-indicated
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relationship, and commands the engine connecting/discon-
necting clutch K0 to be placed in an engaged state with the
determined engaging torque Tk. As is apparent from FIG. 12,
the engaging torque Tk of the engine connecting/disconnect-
ing clutch K0 is determined so as to increase with an increase
of the clutch temperature Tc. Accordingly, the engaging
torque Tk of the engine connecting/disconnecting clutch K0
increases with an increase of the clutch temperature Tc, so
that the rate of rise of the engine speed Ne increases with the
increase of the clutch temperature Tc, whereby the engine
speed Ne has been increased to the electric motor speed Nmg
(input speed Nin) when the engine speed Ne is relatively low.
Accordingly, the amount of slipping of the engine connect-
ing/disconnecting clutch K0 during the engine starting con-
trol is reduced, whereby the amount of heat generated by the
clutch K0 is reduced. It is noted that the above-indicated
relationship is obtained by experimentation so that the tem-
perature of the engine connecting/disconnecting clutch K0 in
the engine starting control will not exceed the predetermined
permissible highest temperature value Ta.

The control apparatus of the present embodiment is con-
figured such that the engaging torque Tk of the engine con-
necting/disconnecting clutch K0 increases with an increase of
the temperature Tc of the engine connecting/disconnecting
clutch K0 upon initiation of the engine starting control, so that
the rate of rise of the engine speed Ne increases with the
increase of the clutch temperature Tc. Accordingly, it is pos-
sible to complete the engine starting control with the engine
connecting/disconnecting clutch KO0 placed in the fully
engaged state, when the engine speed Ne is relatively low, so
that the amount of slipping of the clutch K0 during the engine
starting control is reduced, whereby the deterioration of the
engine connecting/disconnecting clutch K0 due to the gener-
ated heat can be prevented. Further, the engaging torque Tk of
the engine connecting/disconnecting clutch KO0 is relatively
small when the clutch temperature Tc is relatively low, so that
an engaging shock of the clutch K0 during the engine starting
control is reduced, and the response of the hybrid vehicle to
the operator’s desire for high vehicle drivability can be
improved.

While the embodiments of the control apparatuses and
systems have been described in detail by reference to the
drawings, it is to be understood that the control apparatuses
systems, and methods may be otherwise embodied without
departing from the spirit and the scope of the claimed subject
matter.

For example, two or more of the illustrated embodiments
which have been described as mutually independent embodi-
ments may be suitably combined as a single embodiment.

In the illustrated embodiments, the shift-down action ini-
tiation point control portion 120 is configured to set the delay
time Tdelay from the time of the determination of the require-
ment for the shift-down action to the time of actual generation
of'the command to implement the shift-down action, to delay
the initiation of the shift-down action. However, the shift-
down action initiation point control portion 120 may be con-
figured to increase an initial stand-by hydraulic pressure of a
clutch which is to be brought into its released state to imple-
ment the shift-down action. An increase of the initial stand-by
hydraulic pressure of the above-indicated clutch causes a
delayed entry into the inertia phase of the shift-down action,
which makes it possible to permit the engine speed Ne to
synchronize with the electric motor speed Nmg (input speed
Nin) when the engine speed Ne is relatively low, so that the
amount of slipping of the engine connecting/disconnecting
clutch during the engine starting control is reduced, whereby
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the amount of heat generated by the engine connecting/dis-
connecting clutch K0 can be reduced.

In the illustrated embodiments, the clutch temperature Tc
need not be calculated on the basis of the temperature THoil
of the working oil. The clutch temperature Tc may be
obtained by any other method. For instance, the clutch tem-
perature Tc may be detected directly by a dedicated tempera-
ture sensor. Alternately, the clutch temperature Tc may be
calculated according to a formula obtained by experimenta-
tion.

While the control operations in the illustrated embodi-
ments have been described on an assumption that the lock-up
clutch 38 is placed in the engaged state, it should be under-
stood that the control operations described herein may be
performed with the lock-up clutch 38 in a released state.

In the illustrated embodiments, the clutch temperature Tc
upon completion of the engine starting control is calculated
according to the map which is shown in FIG. 8 by way of
example only. It should be understood that this map may be
suitably modified to an extent that permits calculation (esti-
mation) of the clutch temperature Tc upon completion of the
engine starting control. Further, the clutch temperature Tc
upon completion of the engine starting control need not be
obtained according to a map, but may be calculated (esti-
mated) according to a formula obtained by experimentation.

Various specific numerical values described with respect to
the illustrated embodiments are given by way of example
only, and may be suitably changed as needed depending upon
the particular type of vehicle.

It is to be understood that the embodiments and their modi-
fications have been described above for illustrative purpose
only, and that the control apparatuses, systems and methods
described herein may be embodied with various other
changes and improvements without departing from the spirit
and the scope of the subject matter described herein.

NOMENCLATURE OF REFERENCE SIGNS

10: Hybrid vehicle (Vehicle)

14: Engine

18: Automatic transmission (Transmission)

100: Electronic control device (Control apparatus)
MG: Electric motor

K0: Engine connecting/disconnecting clutch (Clutch)
Tc: Clutch temperature

The invention claimed is:

1. A control apparatus for a hybrid vehicle provided with an
engine, an electric motor, a clutch for placing a power trans-
mitting path between said engine and said electric motor in a
power transmitting state and a power cutoff state, and a trans-
mission disposed in a power transmitting path between said
electric motor and drive wheels,

the hybrid vehicle being switchable between a motor drive

mode in which the hybrid vehicle is driven with said
electric motor being used as a vehicle drive power source
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while said clutch is placed in a released state, and an
engine drive mode in which the hybrid vehicle is driven
with said engine being used as a main vehicle drive
power source while said clutch is placed in an engaged
state, and

an operating speed of said engine being raised by said

electric motor in a slipping state of said clutch when the
hybrid vehicle is switched from said motor drive mode
to said engine drive mode, wherein:

said control apparatus comprises a processor and a

memory storing a computer readable and executable

instruction set, such that, when said transmission is

selected to undergo a shift-down control to shift down

said transmission while said hybrid vehicle is switched

from said motor drive mode to said engine drive mode,

said processor executes said computer readable and

executable instruction set to:

determine a temperature of said clutch upon initiation of
an engine starting control;

select, based on said temperature of said clutch, one of a
first control mode in which said engine starting con-
trol to start the engine upon switching of said hybrid
vehicle from said motor drive mode to said engine
drive mode is implemented concurrently with said
shift-down control or a second control mode in which
said shift-down control is implemented after comple-
tion of said engine starting control; and

operating said hybrid vehicle in said selected one of said
first control mode or said second control mode.

2. The control apparatus according to claim 1, wherein said
processor further executes said computer readable and
executable instruction set to:

determine an input speed of said transmission to be estab-

lished upon completion of said shift-down control;
compare said input speed of said transmission to a prede-
termined threshold value;

select said second control mode when said input speed of

said transmission is equal to or higher than said prede-
termined threshold value; and

select said first control mode when said input speed of said

transmission is lower than said predetermined threshold
value.

3. The control apparatus according to claim 2, wherein said
predetermined threshold value decreases with an increase of
said temperature of said clutch upon initiation of said engine
starting control.

4. The control apparatus according to claim 1, wherein said
temperature of said clutch is calculated based on of a tem-
perature of a working oil.

5. The control apparatus according to claim 1, wherein said
transmission is a step-variable automatic transmission.
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